I n tr o d u ct io n
For some years after its suggestion an approximate method of solution of the boundary layer equations due to K arm an and Pohlhausen was thought to be reasonably accurate. The present writer (1934) recommended it for general use because it agreed with experiment as far as the point of separa tion for the flow past a circular cylinder (when the observed pressure dis tribution was used in the theoretical solution). There seems to be little doubt th a t this method gives a reasonably accurate solution in a region of accelerated flow, but more recently its adequacy in a region of retarded flow has been questioned. The flow past a circular cylinder is not an exhaustive test for a retarded region because the pressure rises very rapidly from its minimum value leaving little doubt as to the position of separation. Schubauer (1935) has measured the pressure distribution around an elliptic cylinder of fineness ratio 2-96:1 and also observed, by introducing smoke just beyond the separation point, the actual position of separation. On applying Pohlhausen's method to his observed pressure distribution Schubauer fails to find any separation a t all. By measurements of the velocity distribution in the boundary layer he finds th a t Pohlhausen's method agrees reasonably with the observed one up to a point about fivesevenths of the way between the pressure minimum and the observed point of separation; the calculated distribution then diverges from the observed one.
Fairly recently K arm an and Millikan (1934) put forward another approxi mate means of solution of the boundary layer equations. Millikan (1936) has applied their method to Schubauer's pressure distribution; he finds separation about six-sevenths of the distance from the pressure minimum to the observed point of separation. More precisely, if x is the ratio of the distance measured along the surface from the forward stagnation point to the length of the minor axis, the pressure minimum occurs when x = 1-30,
[ 547 1 the observed point of separation is x 1-99 an for the position of separation.
A new approximate method of solution of the boundary layer equations is suggested below. This method, when applied to Schubauer's observed pressure distribution, gives separation when x = 1-925 compared with the observed value 1-99. Reasons are given below (see pp. 575 and 576) for believing th a t the Reynolds number of Schubauer's experiments is scarcely high enough for the boundary layer equations to be valid. There is, in fact, an appreciable pressure drop across the boundary layer. I t is difficult to estimate how im portant this pressure drop is, but the agreement between the theoretically obtained position of separation and the observed one is probably as good as could be expected in the circumstances; the agreement is somewhat better than th a t obtained by K arm an and Millikan's method.
This new method of solution is also compared with the exact solution given by Falkner and Skan (1930) when the velocity distribution a t the edge of the boundary layer is of the form x~m ; fairly The method suggested below developed from a comparison between the results obtained by K arm an and Millikan's method, K arm an and Pohlhausen's method and an accurate solution of a particular problem.
K arm an and Millikan applied their method, when it was first introduced, to the problem of the flow along a flat plate placed edgewise to an incident stream when a retarding pressure gradient varying linearly with the distance from the leading edge is superposed. We may write the velocity distribution at the edge of the boundary layer as TJ = b0 -hxx, so th at the pressure gradient is P^ii^o -b1x); K arm a separation occurs when x*( = b1x/b0) is equal to 0-102, where method does not give separation until * = 0-156. In order to determine which, if either, of the methods is reasonably accurate it was decided to attem pt to solve the boundary layer equations accurately for this velocity distribution. This problem is discussed at length below in P art I ; it admits of a solution in series of the type u = The coefficients in this series have been determined up to and including / g(0). They are sufficient to show th a t unless subsequent coefficients increase enormously-and there seems to be no reason to believe they do for, ap art from / 0, f x and / 2 which are exceptional, they decrease steadily over the range covered-the value x* -0-102 for separation is m Furthermore, x* = 0-156 is very much too large. U nfortunately the series converges very slowly in the neighbourhood of 8a;* = 1 and sufficient terms have not been obtained to give the point of separation. However, if we assume th a t the higher terms in the series continue to alternate in sign and decrease (or remain constant in absolute magnitude as the earlier o n e s/3, . ../ 8 do) it is easy to show th a t the point of separation lies between x* = 0-119 and 0-129. An approximate method of determining the error obtained by retaining only the terms calculated gives x* = 0-120 as the point of separation.
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In P art II below a method of solution of the boundary layer equations is suggested utilizing the solution of the problem of P a rt I by replacing the velocity distribution a t the edge of the boundary layer by a polygon of infinitesimally small sides and joining on the solution in adjacent sides by making the momentum integral continuous a t the vertex. Up to the pressure minimum Pohlhausen's solution may be used. Alternatively, if the number of terms computed in the solution in series starting from the forward stagnation point (Howarth 1934 ) is sufficient to carry the solution as far as the pressure minimum this method is to be preferred in the accelerated region. If this solution does not extend quite far enough it may be extended by the solution corresponding to the one given below for the retarded region; this extension is limited, because the series does not converge rapidly enough beyond x* = 0-10.
A solution in series can also be obtained when the velocity distribution at the edge of the boundary layer is of the form U = b0 -bxxso that, if necessary, the method outlined above could be made more accurate by replacing the actual velocity distribution a t the edge of th e boundary layer by a series of parabolas.
P A R T I
T h e so lutio n of th e b o u n d a r y l a y e r eq u a t io n s FOR A PARTICULAR PRESSURE DISTRIBUTION
We consider, first of all, the solution in series for a velocity distribution a t the edge of the boundary layer of the form
where b0 and b1 are positive constants.
We assume an expansion of the form
for the stream function where
Substituting this form in the boundary layer equation 
(5) (1908 ( ), Toepfer (1912 and Goldstein (1930, p. 15) have given the solution of (5). Indeed the problem considered is a particular case of a more general problem discussed by Goldstein (1930, p. 15) , though no more of the coefficients f r are given in th a t paper. The method of solution for the re maining equations, which are all linear, is exactly the same as th at described by the present writer in a previous paper (1934) The velocity distribution is given by
The functions Table I 
From the terms calculated it will be seen th at the series converges quite slowly in the neighbourhood of 8x* = 1; probably at least eight more terms would be required in order to determine the value of the series in (16) to three places of decimals. We can, however, set fairly close limits to the values of x* for separation (henceforward we shall refer to this number as xf) if we assume that for r> 9 the values of /"(0) do not increase in lO<M<Mrt<OI>I>OCOO Hcqco^oooocoo OOOOOOOOOrHrHrH^HOqOqO^COCpCOCp^^0 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
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9 9 9 9 9 9 9 9 9 9 OOOOOOOOOO9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ? ? ? ? ? 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 0 0 6 6 0 6 I I I I I I I I I I I I We can then obtain limits for xf by putting first/"( then by putting |/"(0) | -|/g(0) | for 9. In the first case we find a;* = 0-129 and in the second xf -0-119. I t is, therefo assume th a t xf lies within the interval 0-119 to 0-129.
We can obtain an approximate answer in the following way. We may regard the terms already obtained up to and including x6, say, as an approxi mate solution.| I t appears th a t each of the term s/g an d /g , and as far as they have been obtained,/? an d/g are expressible with reasonable accuracy in the form K r7ie~ariz, where the K r are constants (different for different / r). § In fig. 1 /g is compared with K 67je~ar> z with an appropriate value -0-0221 for K6 and a = 0-1. I t is evident by trial th a t a retains the same value for f I t will be seen fro m th e e q u a tio n s (5)- (13) t h a t a p a r t fro m f 09f ± a n d / 2, w hich h a v e ex c ep tio n al r ig h t-h a n d sides, th e e q u a tio n s defining th e f r m a y be co n sid ered to be of th e sam e fo rm ; it seem s rea so n ab le th e re fo re to assu m e t h a t th e y co n tin u e to a lte rn a te in sign a n d d ecrease in a b so lu te m a g n itu d e b e y o n d r -8.
t T h e te rm s in x 1 a n d x 8 w ere n o t o b ta in e d sufficiently a c c u ra te ly in th e o u te r p a r t o f th e b o u n d a ry la y e r to be u se d h e re ; it is, in fa c t, n ec essary to o b ta in f * (0) to a n a c c u ra c y co n sid erab ly g re a te r th a n is re q u ire d for f " in th e o u te r p a r t o f th e b o u n d a ry lay er. § T h e e rro r in c u rre d b y ex p ressin g / / in th is form is n o t g re a t.
the different functions/£. If we assume th a t all the terms after 6 are of the form K rije-0'lria the velocity u a t any point may be w ritten {Uq + u-^), where
and (18) V n -0-0221ye-0^3 where F(x*) is a function to be determined. I t will be noticed th a t the function rje~°'lria satisfies the conditions du d2u dy 2 ... = 0 when oo,
a considerably greater number of conditions than the polynomial used in the ordinary Pohlhausen method. Moreover, the choice of a ( = 0-1) so as to give agreement with the forms of f'5 and f'6 presumably corresponds to satisfying an additional condition, though it is not obvious what this condition is. We may write the boundary layer momentum integral in the form
i.e. 
Starting from the value of F(x*) at x* = 0-0875 given by the terms in x*7 and a;*8, equation (24) may be integrated graphically for F(x*). The con dition for separation is, of course,
I t will be seen from equation (24) th a t F ' ( x * ) becomes infinite when P 00 f* 00 f* 00 F ( x * ) \ y 2e~°' 27> 3 d y + j v y e~°'lr>3 d y -(1 -Once the integral curve reaches this curve it becomes imaginary. The integral curve together with the curves given by (25) and (26) is shown in fig. 2 . I t will be noticed th a t the integral reaches the curve given by (26) when x * = 0-120 and th a t it has not then reached the curve given by (25) by a quantity of the order of 2 x 10~2. This failure to find separation-although the actual value of the skin friction given by the last real point on the integral curve is small-must be due to the form assumed for the correction term. I t seems fairly reason able to assume th a t it is only in the neighbourhood of the point where F ' ( x * ) becomes infinite th a t the solution is invalidated. If we suppose th at the solution given is valid as far as F ( x * ) -0-110, = 0-119 say, we may complete the solution using a result stated by Goldstein (1930, p. 4) , viz.
Taking the values of du/dy and 0%/0y4 obtained by our method of solution we find separation when x * = 0-120. The values of given by the approximate method are sufficient to show th at the third term in the series is negligible over the range of values of x * (0-001) over which we require the solution.
An alternative method of solution is obtained by using the result given by differentiating the first boundary layer equation twice with regard to y; we find
along the wall. We may use the skin friction given by the first nine terms of the series as an approximation and again use a term ui = ^< t>{x*)ye Z j as a correction. Equation (28) then gives a first order differential equation for (j). Although we are still using the same form for the correction term, yet applying (28) (which gives the correct growth of the skin friction along the + T h is re s u lt is, o f course, c o n ta in e d in (27) . 
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wall) instead of (24) (which is the expression of the momentum law through out the layer) would be expected to produce a totally different result from (24) if the form assumed for the correction term were inadequate. The integral curve for (j)(x*) is shown in fig. 3 ; the corresponding value of is shown dotted in fig. 2 . This quantity is the one we have to compare with F(x*). I t will be seen th a t the agreement between the curves is very good and th at both lead to the result th at separation occurs when x* -0-120. The curve in fig. 3 when ^(a;*) becomes infinite coincides in this case with the curve of condition for separation. (Of course, the accurate value of 0%/0y4 is zero a t the separation, but the present method, being approximate, does not give this result and consequently yields an infinite value for ^'(x*) at the point of separation.) In Table II Table III and some of these velocity curves are shown graphically in fig. 7 . Values of 3^ /, ,i ^ i , TTTr----* 0-025, 0-05, 0-075, 0-1 and dy / M i are tabulated in Table IV X the non-dimensional quantity db\lvi it is necessary in the following work to determine dx/dx*; this may most easily be done from the mo integral equation, which may be w ritten
where H = 8^6 . Equation (29) may be written, in the case of our probl
Thus the value of dx/dx* corresponding to a particular value of x* may be determined from the values shown in Table II by direct application of the momentum integral equation. If this equation were not satisfied we should expect a discrepancy to arise between the values of dx/dx* given by (30) and those obtained graphically from the curve or from numerical differen tiation of the table of values of y. It was in fact made very evident by trial th a t an error as small as 0-001 in the value of xf would cause a considerable discrepancy between the value of dx/dx* given by (30) and th a t obtained from the x (x *) curve. Starting from the value of y a t = 0-0625 and by integrating the values of dx/dx* obtained from (30) we obtain the values of y given in the second column of the following table. The values of y already determined by integration from the velocity curves are given in the third column. The agreement will be seen to be very good. We may take this agreement as fairly conclusive proof th at the value of (0-120) determined by either of the approximate methods is the correct one.
P A R T I I
N ew m ethod of solving th e b o u n d a r y la y er eq uations FOR THE GENERAL CASE OF RETARDED FLOW
For simplicity., we will consider in the first place the method as it was crudely conceived originally. The original idea was to replace the velocity distribution a t the edge of the boundary layer, in a retarded region, by a polygon of a finite number of sides. We will suppose th a t the solution has been carried as far as the retarded region by some other method, because there seems to be little doubt th a t many of the existing methods (Pohlhausen's for example) are reasonably adequate in an accelerated region. We may suppose, therefore, for our present purpose th at the skin friction ment of the first side; we may write the velocity distribution corresponding to the first side in the form U = b'0 -bx X , where X is mea first vertex. The essential assumption introduced now is that, once the pressure, the pressure gradient and the skin friction (or the momentum integral) are known a t a particular point, the velocity distribution through out the boundary layer is completely determined and is given by the appropriate one of the singly infinite family of velocity curves given by the problem of P a rt I. Although not precisely true it is hoped th at such an assumption offers a reasonable basis for approximation.
The method consists in determining 60 and x* ( = b1x0/b0) so th at when x = x0 in the solution of the problem we have j ust discussed (with U = b0 -b1x) the skin friction is identical with the known skin friction at the beginning of the first side and U is equal to b'0 there. The solution at any point in the first side is then given by putting the solution as far as the second vertex is therefore known and the process can be repeated. The determination of b0 and x* is simple; we notice th at commence-
and since {du/dy)x=0 is supposed known we can evaluate 
We can plot the right-hand side of (32) once and for all as a function of (see Table II and fig. 8 ) and from the graph we can read off from the given value of m the appropriate value of x*. Knowing x*, 60 is determined from (31), and a t any point of the first side x* is determined by the expression x* + (bl X/b0). Similarly x* is determined in subsequent sides. Knowing x* at every point the solution is completely determined. For, in the first place, the velocity distribution is given by the corresponding one of the singly infinite system of velocity curves (some of these curves are shown in Table I I I and fig. 7) . Furthermore, if U and jdx are respectively the velocity and the velocity gradient at the point considered U = b0(l by the definition of 60 and x*. Therefore
This quantity is shown in Table II and plotted in fig. 8 as a function of x*.
Thus given x*, We naturally obtain a continuous curve for the skin friction. This method is not all th a t could be desired, because making the skin friction continuous a t the vertices corresponds to introducing an impulse a t each vertex.
Probably a more satisfactory method would be to make 6 continuous. The solution of this problem is simpler than the preceding because is given as a function of x* by the original problem. 6f 0/f* can be evaluated a t the beginning of the first side of the polygon and the corresponding value of x* read off from the gra The solution a t any other point is given, as before, by putting cr* = Xq + ? where b0 = b '0/ ( l-x$) . bo
The value of 6 being thus determined a t the second vertex the process may be repeated. The objection to this method is th a t by making 6 continuous we make the skin friction discontinuous a t each join, and since the skin friction is one of the most im portant results of the calculation it is not satisfactory.
This method of solution can, however, be extended to the case when the sides of the polygon are made to tend to zero, the number of sides tending to infinity. By so doing we obtain a continuous skin friction without introducing a series of impulses.
Let us approximate to the velocity distribution at the edge of the boun dary layer by means of a circumscribing polygon whose sides are infini tesimally small. Suppose B is one vertex of this polygon and th at A and C are the points of contact of the sides through B. Suppose A, B and C have abscissae
x, x + 8xx, x + 8 x respectively. We may then write the slop A B as (dU/dx)x and th a t of B Ca s (dU/dx)x+Sx. The method essentially consists in determining the value of x* appro priate to any value of x. Let us suppose the value of x* is known at A . The change 8xf in x* as we pass from A to retaining the same notation as we used previously, bx8xx _ 61^a;1(l -cr*)
The change 8x% in x* as we pass from B, considered as a point of AB, to B considered as a point of SC is given by our hypothesis th a t 6 is continuous at B.
Now
0 X 7* = W Hence if 6 is continuous
Moreover,
retaining only first order quantities. Thus
Further, the change Sx* in x* as we pass from to along B
**=~^-x* -sx* i v d A j sx-sxi)'
*)• Since ^ is k n o w n to be a d iffe ren tia b le fu n c tio n o f a?*, a n d since Sx* w ill be sm all so long as th e ch an g e in slope fro m A B to BC is sm all, w e ca n w rite
to th e first o rd er. E q u a tio n (34) th e n follow s im m ed ia te ly .
where Sx* is the total change in x* from A to C. Thus to the first order
Hence the total change in x * as we pass from to is
Proceeding to the limit when the sides all tend to zero we see th a t
(37) is a differential equation for x* in terms of x, s tion of x* shown in Table I I and fig. 5 , and U is a known function of x. The solution may be obtained graphically or otherwise once the initial value of x* is known. If, as before, we suppose the solution starts from a given value 6q of 6 a t x = x0, then we can evaluate
and determine the initial value of from the graph of x ix *)-Thus the initial value of x * corresponding to x0 is determined, and hence the complete relation between x* and x is known from the solution of (37). Once the value of x* appropriate to a given value of x is known we can determine the skin friction and the velocity distribution. The skin friction is obtained by reading off the corresponding value of 60(1 -xb\ from Table II or fig. 8 ; since 60(1 -x*) = U and b1 determined. The velocity distribution is given by the appropriate one of the singly infinite family of velocity curves given by different values of x* in the exact solution of the original problem. Some of these curves are shown in Table II I and fig. 7 .
So far it has been assumed th a t another method has been used to carry the solution just into the retarded region (i.e. just past the pressure minimum).
In all applications it would probably be most convenient to start the solution at the pressure minimum. Since dU/dx vanishes at the pressure minimum it is evident th a t x* also vanishes there (since it contains dU/dx as a factor). Further, equation (37) has a singular point when 0 and dUIdx 0, since y (see below) for small values of x*. The appropriate value of dx*/dx must be determined from the value of 6 a t the pressure minimum obtained, of course, from the method of solution used as far as the pressure minimum.
We may proceed here as we did before. Let us suppose th at A is the velocity maximum (the pressure minimum) and suppose th at A B and BC are two adjacent sides of the circumscribing polygon (AB will therefore be parallel to the cr-axis). As before we take the abscissae of and C to be x,x + dxx and x + dx. Thus the slope of B is, to the first The value d0 of 6 is supposed given a t A by the method of solution used in the accelerated region and will be used as our starting point. Apart from a first order quantity the value of 6a t Bc onsidered as a po be 60. Therefore the value of y a t B considered as a point of BC is determined by making 6 continuous a t B and is | j neglecting quantities of the order of (dx)*. Now y vanishes a t A, so we may write, at C,
Moreover, for small values of x*, y is of the form Kx**,% w Therefore to the same order dx = K(
since y = dx when x* = dx*. Equating the values of dx from (38) and (39) we see th at dx* dx 2-269
Thus, starting from the pressure minimum with a known value of 60 it is necessary to solve the equation
t Since th e ch an g e in y fro m B to is 0(&r)2. % F ro m th e so lu tio n in series for u we see t h a t hi I Q / co x = Af = 2x*iJo dx* d2U 102\ with the boundary conditions x* = 0, ----= -2*269 I I (the additional boundary condition being required since 0 is a singular point with an infinite number of integrals passing through it). The function y / is shown in Table II and fig. 9 , tabulated or plotted against x*. 0 0*02 0*04 0*06 0*08 0*10 0*12
Comparison w ith a k n o w n so lu tio n Falkner and Skan have given the exact solution of the boundary layer equation for a velocity distribution U = x~m at the edge of the boundary layer for values of m between 0*09 and 0 (they also give the solution for negative values of m, but th a t need not concern us here). The present method of solution does not lend itself to starting from the infinite value of U at x = 0; we can, however, start from the exact value of 6 a t any point further downstream and continue by means of the present solution in order to test the adequacy of this method of solution. Equation (40) 
Falkner and Skan do not, however, give sufficient information to enable us to calculate 6 at any point for a given value of to, but we may choose the initial value of x* for starting our solution so th a t it leads to the right skin friction.
For the value to = 0*09 Falkner and Skan find a solution in which the skin friction vanishes for all values of x. Let us consider the same problem and start our solution from the value of x* which gives the right skin friction initially (zero), i.e. we start from x* = 0*120.
W ith x* = 0*120 we find from (41) th a t
In order th a t the skin friction should vanish everywhere dx*/dx must vanish everywhere so th a t x* retains the value 0*120 for all values of a;; we require therefore to _ 0*0755 to + 1 0*880 ' which leads to a value to = 0*0938. Thus the present method gives a value 0*0938 for to compared with the value 0*09 obtained by Falkner and Skan. Hartree, using the differential analyser, has recently given a value 0*0905 for this quantity (1937) .
/ d XJ S^\ Pohlhausen's equation for Al = -j--I may be put in the
This method gives separation when A = -12, so th at applying a similar analysis here to determine the appropriate value of to we find to h ( -12) toT T = " / ( -12) ' which leads to a result to = 0*100.
The agreement given by the present method with the exact solution is much better than th a t given by Pohlhausen's method and may, I think, be considered quite good for the following reason. The problem to which it has been applied is probably the one most likely to show up any defects because the pressure gradient is decreasing in the direction of the flow. It is evident from the values already given th a t with this type of flow the present method gives separation too late; an examination of equation (37) suggests th a t when the pressure gradient is increasing in the direction of the flow (as it usually does in practical cases between pressure minimum and separation) the present method may give separation, if anything, too early since the sign of the last term in the equation depends on the curvature of the pressure curve.
Returning now to the method suggested in this paper we can test it against the exact solution by choosing some small value of m, say, 0*04. Then 
f T his v alu e w as o b ta in e d (m ore precisely it w as h a lf th is v alu e) fro m a sm all scale g ra p h , so t h a t its a c c u ra c y is so m e w h at d o u b tfu l.
Comparing (43) and (44) we see th a t the agreement may be considered excellent especially in view of the determination of the 0-26 in equation (43) from a small scale graph. I t is, in fact, almost impossible to distinguish between the abscissae corresponding to the values 0-25 and 0-26.
Comparison w it h e x p e r im e n t Schubauer (1935) has measured the pressure distribution around an elliptic cylinder of fineness ratio 2-96:1. I t is doubtful, however, whether the Reynolds number he used was sufficiently high.
If V is the velocity at infinity, if u is the ratio of the velocity at a point in the boundary layer to V and if pi s the ratio of the pressure to terms in the second boundary layer equation (the equation of flow per pendicular to the wall) are dp 2 dy r where y is the ratio of the normal distance from the boundary to the minor axis B and r is the ratio of the radius of curvature of the boundary at the point considered to B. Therefore the difference between the value of p at a point y and the value ps of p at the surface is given by
where U is the value of u and 8 is the value of y a t the edge of the boundary layer. Now in Schubauer's measurements, when x = 1-946 (he found separation at 1-99), the value of y given by u = 0-9517 is approximately 0-04 so th at the 2x1-5x0-04 1 change in p across the boundary layer is approximately -x ^ 5
i.e. 0-010. The value 1/3 which has been used here for the integral is slightly low compared with the one obtained by using Schubauer s velocity distribu tion (a value 0-4 was obtained by the present writer by numerical integration), Schubauer also gives the result th at r varies between 0-17 at the end ol the major axis to 4-4 at the end of the minor axis 1-6), so th at the value 4 for ra t a point well past the end of the minor axis is probably on the large side. Thus the value 0-010 is a very conservative estimate of the change in p across the layer. Now the third figure in p is significant in determining the pressure gradient to the accuracy with which it is required in the retarded region. The average pressure gradient over the region Irom the piessuie minimum (x= 1-3) to the observed point of separation 1*99) is 0-190 approximately. Moreover the change in p across the layer is not a constant but depends primarily on 8 so th a t the pressure distr the boundary layer probably gives an entirely different pressure gradient distribution. (Schubauer estimates th a t does not vary greatly in the retarded region, he gives a variation of from 0-040 to 0-049, but Millikan who has also examined Schubauer's experimental data gives a considerably greater variation from 0-032 and 0-051.) There is therefore a reasonable doubt whether the pressure gradient obtained by Schubauer is adequate for the purpose of testing the accuracy of the method of solution suggested above.
However, using the velocity distribution a t the edge of the boundary layer deduced by Schubauer from his observed pressure distribution, I estimated d U \dx and d2 Ujdx2 graphically in the retarded region and the method suggested above starting from the value of 6 at the pressure minimum given by Pohlhausen's method. The integral curve for x* is shown in fig. 10 ; it will be noticed th a t the value of x at the point of separation is 1-925 and th at x* does not rise much above the separation value (since dx*jdx is small a t the point of separation). The values of the skin friction in the retarded region are shown graphically in fig. 11 .f Schubauer using smoke to locate the separation point found x= 1-99 for separation, whilst Millikan using Karm an and Millikan's method gives x = 1-88. 1-252 -0-120 + 0-108 t I t is im possible to e s tim a te a t all a c c u ra te ly th e sk in fric tio n fro m S c h u b a u e r's m easu rem en ts. I n a d d itio n to th e larg e co rrec tio n h e finds it n ecessary to a p p ly n e a r to th e surface, th e p o in ts a re s c a tte re d in th e re ta rd e d region. I h a v e n o t a tte m p te d , th e re fo re, to include his resu lts. and for which I have been unable to find any evidence. My estimation gave a value 1-90 for x a t the inflexion whilst Schubauer's value was about 1-84. In any case the comparatively large value of the pressure difference across the layer makes it very doubtful whether we are justified in determining the second derivative a t all. I t may also be remarked th a t when Pohlhausen's method was applied to the values I estim ated for dU/dx and the maximum value for -A was about 7-5 a value considerably below the value 12 required by this method for separation.
I wish to express my gratitude to the Air Ministry for providing me with a computer to perform much of the mechanical labour necessary in the solution of the equations (7 )-(ll).
S um m ary
Part I. The problem of the flow along a flat plate placed edgewise to a steady stream, when a retarding pressure gradient varying linearly as the distance x from the leading edge of the plate is superposed is discussed. If y denotes distance measured perpendicular to the plate, a solution is obtained in the form of a power series in x whose coefficients are functions of y/xt.Differential equations are obtained for these coefficients. Seven of the coefficients have been obtained with reasonable accuracy and the eighth and ninth roughly. Unfortunately it appears th a t about eight more terms are required to carry the solution to the point of separation; the work involved in their determination is prohibitive. Two approximate methods have been developed for determining the error when the first seven terms of the series are used as an approximation. These methods lead to the determination of the point of separation and are in agreement as to its position. If b0 is the velocity a t the edge of the boundary layer a t the leading edge of the plate and b1 is the velocity gradient, separation is found when bxxjbQ = 0-120.
Part I I .
A method is developed for the solution of the boundary layer equations in any retarded region. I t is obtained by replacing the velocity distribution a t the edge of the boundary layer by a circumscribing polygon of infinitesimal sides and applying the preceding solution to each of these sides, making the momentum integral continuous at each vertex. The problem is thereby reduced to the solution of a first order differential equation.
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